Background: Healthy athletes demonstrated increased B-type natriuretic peptide (BNP) concentrations following exercise, but it is unknown whether these responses are exaggerated in individuals with cardiovascular risk factors (CVRF) or disease (CVD). We compared exercise-induced increases in BNP between healthy controls (CON) and individuals with CVRF or CVD. Furthermore, we aimed to identify predictors for BNP responses. Methods: Serum BNP concentrations were measured in 191 participants (60 ± 12 yrs) of the Nijmegen Marches before (baseline) and immediately after 4 consecutive days of walking exercise (30-50 km/day). CVRF (n = 54) was defined as hypertension, hypercholesterolemia, obesity or smoking and CVD (n = 55) was defined as a history of myocardial infarction, heart failure, atrial fibrillation or angina pectoris. Results: Individuals walked 487 ± 79 min/day at 65 ± 10% of their maximum heart rate. Baseline BNP concentrations were higher for CVD (median: 28.1 pg/ml; interquartile range: 13-50, p b 0.001) compared to CVRF (3.9 pg/ml; 0-14) and CON (5.5 pg/ml; 0-14). Post-exercise BNP concentrations were elevated in CVD (35.7 pg/ml, 17-67, p = 0.01), but not in CVRF participants (p = 0.11) or CON (p = 0.07). No cumulative effect in BNP concentrations was observed across the consecutive walking days (p N 0.05). Predictors for post-exercise BNP (R 2 = 0.77) were baseline BNP, beta-blocker use and age.
Introduction
B-type natriuretic peptide (BNP) is a hormone that promotes natriuresis, diuresis and arterial vasodilation and is secreted by cardiomyocytes in response to myocardial stretch [1] . Since BNP concentrations are elevated in subjects with myocardial stress, BNP has been intensively studied as a circulating biomarker in cardiovascular diseases. BNP and its cleavage equivalent NT-proBNP have nowadays become established diagnostic and prognostic biomarkers in cardiovascular medicine [2] .
BNP concentrations are known to acutely increase in cardiac patients undergoing a symptom-limiting exercise test [3, 4] , with the magnitude of rise proportional to the degree of myocardial ischemia [5, 6] . Other factors associated with BNP increase include baseline BNP, age, area of scarred myocardium, change in wall-motion score, workload, lower resting heart rate and higher percentage of predicted heart rate achieved [7] [8] [9] . Subjects with hypertension [10, 11] as well as healthy controls [12] also showed an increase in BNP after a short bout of high intensity exercise, with hypertensive subjects showing higher concentrations of exercise-induced BNP than controls. Elevations of BNP after short-duration high-intensity exercise appear to peak immediately post-exercise and return to baseline within 1 h post-exercise [3, 12] .
Previous studies revealed that BNP was also elevated after prolonged high-intensity exercise (N 3-4 h, N 80% of maximum heart rate) in assumingly healthy endurance athletes [13, 14] . Age was the main predictor of the magnitude of the BNP increase [15, 16] . The kinetics of post-exercise BNP concentrations following prolonged exercise show an increase immediately after intense exercise [15, [17] [18] [19] , with peak concentrations at approximately 1 day post-exercise [20] [21] [22] and a return to baseline concentrations within 3 days [20] .
Individuals with cardiovascular diseases (CVD) or risk factors (CVRF) participate in endurance exercise events more often nowadays [23, 24] . Prolonged moderate-intensity exercise such as walking is typically performed at 60-70% of the maximum heart rate and appears to be feasible and attractive for these patients [23, 25] . Whether exerciseinduced changes in BNP concentrations after prolonged exercise differ between CVD or CVRF compared to healthy controls (CON) is unknown. Therefore, the primary aim of the present study was to compare BNP concentrations at rest and after a single bout of prolonged moderateintensity walking exercise between individuals with CVD, CVRF and CON. Secondly, we sought to compare post-exercise BNP concentrations across 4 consecutive days of walking exercise. Thirdly, we aimed to identify predictors of the exercise-induced increase in BNP concentrations. We hypothesized that individuals with cardiovascular risk factors and/or disease would show greater changes in BNP after exercise compared to healthy peers due to greater myocardial stress for a similar bout of exercise. Furthermore, we speculated that BNP concentrations show a cumulative effect over the four subsequent walking days, because previous studies demonstrated peak BNP concentrations at 1 day post-exercise [20] [21] [22] .
Methods

Study population
This was an observational cohort study. A selection of participants of the 2014 and 2015 edition of the Nijmegen Four Days Marches were invited to participate in our study. The Four Days Marches is the largest multiple day walking event in the world (http://www.4daagse.nl/en/). Participants of the Nijmegen Marches walked 30, 40 or 50 km per day for 4 consecutive days. Participants could self-select their distance, pace and timing of breaks during walking. CVD, CVRF and CON participants were recruited via social media and the website of the Nijmegen Marches. CVRF was defined as hypertension, hypercholesterolemia, obesity or smoking. CVD was defined as a history of myocardial infarction, heart failure, atrial fibrillation or angina pectoris. Participants were allowed to have multiple diagnoses, but could only be part of a single group. Therefore, if a participant with CVRF also had CVD, one would be allocated to the CVD group. Healthy controls were free from CVRF and CVD. The medical ethical committee of the Radboud University Medical Center approved the study and all participants provided written informed consent before participation. The study was conducted in line with the Declaration of Helsinki.
Study procedures
Participants completed an extensive questionnaire including general demographic data, walking distance and detailed questions on their (cardiovascular) health status. One or two days before the start of the event (i.e. baseline), body weight (Seca 888 Scale, Seca, Hamburg, Germany) and height were measured. In addition, heart rate and blood pressure at rest were measured using an automated sphygmomanometer (M5-1 Intellisense, Omron Health Care, Hoofddorp, The Netherlands) after 5 min of supine rest. Furthermore, at baseline and 10 min after the finish on each walking day (day 1-4), a venous blood sample (10 mL) was drawn from an antecubital vein. Blood samples were collected in serum-gel Vacutainer tubes and allowed to clot for~45 min. After centrifugation, serum was aliquoted, frozen, and stored at −80°C for later analysis. BNP concentrations were analyzed using a high sensitive BNP assay (Centaur BNP, Siemens Healthcare Diagnostics, The Hague, The Netherlands), with a detection limit of 2 pg/mL and a coefficient of variation of 20% at 2.5 pg/mL, 4.7% at 30 pg/mL, and 2.3% at 1500 pg/mL. Start and finish times were used to determine exercise duration and walking speed. Heart rate was recorded during the first exercise day with a 2-channel electrocardiographic chest band system (Polar Electro Oy, Kempele, Finland) and measured with a data recorder every 5 km along the route. Exercise intensity was calculated as average heart rate during exercise divided by estimated maximum heart rate (208 − 0.7 × age) [26] . An overview of all measurements is presented in Fig. 1 . Safety of the participants was secured by multiple medical assistance places along the walking route.
Data analysis
Statistical analyses were performed using SPSS Statistics 21 (SPSS, Inc., Chicago, Illinois). Continuous variables were reported as mean ± SD or median (interquartile range) and categorical variables as proportions. BNP concentrations at baseline and post-exercise were transformed with the natural logarithm as Ln (BNP concentration + 2) prior to statistical analysis. Change in BNP (ΔBNP), was defined as Ln(BNP post-exercise + 2) − Ln (baseline BNP + 2). One-way ANOVA was used to compare baseline characteristics across groups. Pearson Chi-Square tests were used to compare categorical variables and a post-hoc z-test comparison of columns with Bonferroni correction was done in case of statistical significance. To assess aim 1 and 2, oneway repeated measures ANOVA was used to compare the acute and prolonged effect of exercise on BNP concentrations between CON, CVRF and CVD participants. Bonferroni was used as post-hoc test in case of statistical significance. To assess aim 3, linear regression analysis was used to identify predictors of post-exercise BNP and ΔBNP. First, univariate linear regression analysis of variables was used to select potential predictors for multivariate analysis. Variables that were significantly associated with BNP concentrations using univariate analysis were then included in a multivariate analysis. We performed a backward multivariate linear regression analysis to gain insight in which variables could independently predict post-exercise BNP and ΔBNP. Statistical significance was assumed at p b 0.05.
Results
Our cohort consisted of n = 83 healthy individuals, n = 53 individuals with CVRF, and n = 55 individuals with CVD. Participant characteristics are summarized in Table 1 . One CON participant dropped out after day 1, whereas no BNP concentration could be determined in 6 samples of participants on one of the walking days due to insufficient sample volume. On average, participants walked 487 ± 79 min/day at 65 ± 10% of their predicted maximum heart rate ( Table 1) .
Compared to CVRF participants and CON, participants with CVD were older, more often men, had lower diastolic blood pressure, walked at a lower exercise intensity and more frequently used medication. Compared to CVRF participants, the CVD group had lower mean and systolic blood pressures. Furthermore, compared with CON, the CVD group had a larger height, higher weight, higher BMI and slower walking speed. Whereas compared to CON, CVRF participants were more often men and had a higher mean weight and BMI (Table 1) .
Effects of exercise on BNP concentrations.
Baseline BNP concentrations were significantly higher in CVD (28.1 pg/ml; 13-50, p b 0.001) compared to CVRF participants (3.9 pg/ml; 0-14) and CON (5.5 pg/ml; 0-14) (Fig. 2) . At baseline, six participants (3%, all CVD) had a BNP concentration N 100 pg/ml. Postexercise BNP concentrations (day 1: 35.7 pg/ml, 17-67) were significantly (p = 0.01) elevated in CVD participants, but not in CVRF participants (8.2 pg/ml, 0-14, p = 0.11) or CON (5.2 pg/ml, 0-14, p = 0.07). Seven (4%, all CVD) participants had a BNP concentration N 100 pg/ml after day 1 of walking exercise. Post-exercise BNP concentrations at day 2 to 4 were not different compared to post-exercise levels found on day 1 for any of the groups (p N 0.05).
Predictors of BNP
Univariate analysis revealed that age, sex, walking distance, walking duration, walking speed, exercise intensity, baseline BNP, study group (CON, CVRF, CVD), the use of beta-blockers, angiotensinconverting enzyme/angiotensin II/renin inhibitors, mineralocorticoid antagonist, diuretics, statins and anticoagulants were significantly positively associated with post-exercise BNP concentrations (Table 2 ). Because of multicollinearity, walking duration was excluded from multivariate analysis based on its lowest R 2 with univariate analysis.
Multivariate analysis revealed that baseline BNP, beta-blocker use and age significantly predict post-exercise BNP (R 2 = 0.77) ( Table 3) .
Baseline BNP and beta-blocker use were significantly associated with ΔBNP in both univariate and multivariate analysis (R 2 = 0.18; Tables 2 & 3) .
Discussion
Our results indicate that~8 h of moderate intensity walking exercise cause a mild but significant increase in post-exercise BNP concentrations in CVD participants, but not in CVRF participants or CON. In addition, bouts of prolonged walking on subsequent days did not result in a further increase in BNP concentrations. We also found that baseline BNP concentrations, beta-blocker use and age independently predicted post-exercise concentrations, whereas baseline BNP concentrations and beta-blocker use predicted ΔBNP concentrations.
Acute effects of exercise
Participants with CVD demonstrated higher baseline BNP concentrations compared to CON and CVRF, which is in line with literature [27] . 
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Data are presented as mean ± standard deviation or frequency (%). Continuous variables were compared using one-way ANOVA; categorical variables were compared using Pearson Chi-squared tests. CVD = cardiovascular disease, BMI = body mass index, HR = heart rate. ⁎ = significantly different from CVRF group, † = significantly different from controls. ACE/ AT2 = angiotensin-converting enzyme/angiotensin 2.
More importantly, we found that prolonged walking exercise produced a subtle but significant increase in BNP concentrations in CVD participants only. The lack of BNP increase in CON and CVRF is in contrast with previous studies that assessed exercise-induced changes in BNP concentrations in athletic populations [15, 17, 18] . A potential explanation for these discrepant findings may relate to the intensity of the exercise bout. Whereas previous studies performed exercise at a high-intensity (N80% HRmax) [8, 15, 17] , our participants performed moderate-intensity prolonged walking exercise at 65 ± 10% of their predicted maximum heart rate. Indeed, exercise intensity was previously established as a contributor to the magnitude of BNP release [8] . The CVD group showed an increase in BNP, although their exercise intensity was lower (60 ± 9%) compared to the other groups. Use of betablockers is a likely explanation for this observation. Besides lowering the maximum attained heart rate, beta-blocker use may independently increase exercise-induced BNP concentrations [9] . For CON and CVRF, prolonged moderate-intensity walking exercise may induce a lower, or absent, increase in BNP concentration following exercise.
Effect of repetitive bouts of exercise
BNP concentrations did not further increase after the first day of prolonged walking exercise. This finding was unexpected considering previous observations in marathon runners, who demonstrated peak BNP concentrations N 24 h post-exercise [20] [21] [22] . It was hypothesized that the delayed BNP peak previously found could point towards transient myocardial dysfunction [20] . However, we previously demonstrated that CVD participants demonstrate no signs of (transient) myocardial dysfunction after prolonged walking exercise [28] . An alternative explanation for the lack of accumulation may relate to the short half-life time of BNP (~20 min), which would cause BNP concentrations to drop back to baseline before initiation of exercise on day 2-4. Fig. 2 . B-type Natriuretic Peptide (BNP) concentrations at baseline and after prolonged walking exercise on days 1-4 for controls (CON), participants with risk factors (CVRF) and participants with cardiovascular diseases (CVD); BNP concentrations displayed as median with interquartile range. * = p b 0.05.
Table 2
Univariate linear regression analysis of cohort characteristics. Subsequently, a similar BNP rise is expected after each walking day, leading to comparable post-exercise BNP concentrations. This hypothesis is in contrast with previous literature on BNP kinetics after prolonged high intensity exercise, suggesting that the exercise intensity may change BNP kinetics. However, it aligns with previous observations on BNP kinetics after short-term high-intensity exercise [3, 12] . This suggests BNP kinetics may be influenced by a combination of both exercise intensity and duration, and that exercise bouts may need to be both long-term and of high intensity to induce prolonged elevations in BNP concentrations.
Predictors of BNP
Baseline BNP, beta-blocker use and age predicted post-exercise BNP concentrations in a positively correlated fashion. These findings are consistent with previous studies on predictors of post-exercise BNP concentrations [7] [8] [9] 15, 16] . The exercise-induced increase in BNP (ΔBNP) was predicted by baseline BNP and beta-blocker use in our multivariate linear regression model. Interestingly, we found baseline BNP to be negatively associated with ΔBNP. This was an unexpected finding [8] and may be explained by the heterogeneous fitness levels of CVD participants that were included in the present study. Our data suggest that lower baseline BNP concentrations may represent fitter CVD participants who are able to exercise at a higher intensity and therefore have greater ΔBNP compared to less fit CVD participants with higher baseline BNP concentrations. Nonetheless, the contribution of baseline BNP to predict ΔBNP was low (7%) and appears to be of little clinical significance. More importantly, baseline BNP concentrations were tightly correlated to post-exercise BNP concentrations (R 2 = 0.73, p b 0.001),
indicating that the relative change in BNP was rather small. However, this resulted in the excellent predictability of post-exercise BNP using our multivariate model.
Limitations
The strengths of the present study are its large sample size and the inclusion of a cardiovascular patient population that performed endurance exercise. The limitations include that we allowed self-selected distance and pace and did not match the groups for age and other baseline characteristics. Nevertheless, these parameters were included in the univariate and multivariable adjusted regression analyses, to establish predictors of exercise-induced BNP release. Moreover, we did not match or select people based on level of physical fitness. Another potential limitation may be the timing of our blood drawing. We obtained blood samples typically b 10 min post-exercise. Although the half-life time of BNP is considered~20 min, the time of blood sampling was similar across all days and study groups and aligns with a previous field based study [18] . Finally, we only measured BNP and not its cleavage equivalent NT-proBNP. Given the different exercise-induced kinetics [20] of both biomarkers, it is unfortunately not possible to compare our findings with previous research on NT-proBNP.
Conclusion
In conclusion, prolonged moderate-intensity walking exercise induces a mild but significant increase in BNP concentrations in individuals with CVD, but not in individuals with CVRF and CON. Walking for consecutive days did not further increase BNP concentrations after the first day of prolonged walking. Post-exercise BNP concentrations can be well predicted as baseline BNP, beta-blocker use and age can explain 77% of its variance. ΔBNP is hard to predict, as baseline BNP and betablocker use only explain 18% of ΔBNP variance. Overall, these findings suggest that prolonged walking exercise for multiple consecutive days is feasible with minimal effect on myocardial stretch, even for participants with CVD.
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